Objectives: There is an increasing need for well qualified health informatics practitioners and for educational programs that produce them. Since 1981, the School of Health Information Science at the University of Victoria has delivered a range of educational programs in health informatics. The School's objective has been to produce graduates who can assume a range of roles in health informatics, including managers, developers, researchers and evaluators of health care systems. Methods: The approach taken by the School has been to provide an integrated "holistic" approach to health informatics education that balances both theory and practice. The curriculum has emphasized interdisciplinary skills and has been based on a process of consultation with key stakeholders in both industry and academia. In addition, several new distance collaborative models for health informatics education (including a distributed MSc degree program) have been recently initiated through the University of Victoria with collaborating Canadian universities. Results: To date, graduates of the programs offered have become highly sought after, with the demand for graduates of the programs continually exceeding the number of graduates. The core undergraduate curriculum has recently been undergone refinement to include training in new emerging areas of health informatics. In addition, a distributed MSc program has been successfully initiated by the School, currently with 23 students participating from dispersed geographical locations across Canada. Conclusions: The School of Health Information Science at the University of Victoria has been involved in providing unique interdisciplinary education in health informatics for over twenty years. The School continues to maintain its emphasis on integrated education, refining its curriculum and moving into new areas such as distance education and cross-Canadian collaborations.
Introduction
In recent years there has been a growing concern about the availability of well qualified health informatics practitioners. This includes both the need for health informaticians who can implement complex health care information systems, as well experienced managers who can successfully direct such implementations [1] . Indeed, in light of several extensive international efforts to deploy technologies such as electronic patient records (EPRs), a major stumbling block encountered has been the availability of health informaticians with the "right" mix of background and capabilities (i.e. the appropriate knowledge, skills and judgment) to ensure that the large investments made to such efforts can achieve their projected potential [1] [2] [3] . In the United States for example, the American Medical Association (AMIA) has promoted an effort to provide rapid training for a large number of health informatics practitioners through their 10 X 10 program [4] . In Canada, the issue of availability of qualified practitioners is also of growing concern and a number of organizations are now working to consider what can be done to ease the shortage of trained professionals in both the short and long term [5] . While such contingencies have emerged in order to resolve short-term issues, the question remains "what is the role of academic institutions in training health informaticians with the appropriate mix of knowledge, skills and judgment in order to support large national and international health informatics efforts?". In this paper, we describe an approach to education in health informatics at the University of Victoria that we feel provides an integrated model for training in health informatics across multiple levels, from training of practitioners who will become implementers, developers, managers and evaluators of health care systems, to well qualified and experienced personnel who are poised to take on leadership roles in the field.
History of the School of Health Information Science at the University of Victoria
The School of Health Information Science at the University of Victoria is one of the oldest and most established programs in health informatics in North America and has been a pioneering influence in health informatics education internationally for twenty-five years [7, 10] . The School was founded in July 1981 when Denis Protti was appointed Professor and Director. From the beginning of its days, the educational program within the School was based on the premise that education in health informatics should provide stu-dents with a broad range of interdisciplinary skills and competencies related to health informatics. The initial curriculum was based in part on the ACM's Special Interest Group in Biomedical Computing 1979 model curriculum for Ph.D. programs in the field of health computing. The focus of this recommended curriculum was on preparing graduates for careers in the administration of health care resources, in computer-based education, in biomedical research laboratories and use of health care information systems [7] . This initial curriculum was also influenced by the ACM's model curriculum on Management Information Systems and the Heidelberg/Heilbronn curriculum [14] . The first group of undergraduate health information science graduates received their degrees in May 1986 with all graduates being fully employed. In 1990 the School initiated its graduate program in Health Informatics, which currently includes an on-campus Master of Science degree program, a distributed online Masters program as well as Ph.D. in Health Information Science by special arrangement. In addition, the School has recently added a second undergraduate degree program -a combined major in Health Information and Computer Science. In Canada, the School is the only one of its kind and internationally is one of the few Schools offering a full range of programs and degrees specifically in health informatics, from the Bachelor's level to the Masters and Ph.D. levels (see Table 1 for the programs offered by the School) [7] [8] [9] . Currently there are approximately 500 graduates of the School who hold varied positions as health informaticians. Alumni of the school work in varying roles: as analysts, project managers, privacy officers, health information technology policy makers, managers, consultants, directors, chief information officers and academics in Canada and throughout the world. Graduates of the school are highly sought after and statistics on job placements of our students indicates nearly 100% job placement within positions in health informatics. Upon graduation students typically receive multiple job offers from public and private sector employers in varying health care sectors, among them: acute and long-term care, public health, community and home care and local, provincial and national governments [11] . Indeed, in recent years, the demand for graduates from the School of Health Information Science has continually exceeded the number of graduates, particularly for those prepared at the undergraduate level.
The Need for Interdisciplinary "Holistic" Training and Education in Health Informatics
The world of health care and health informatics has changed significantly since the early 1980's when computers began to become increasingly used in the health care environment [12] . Advancements and the explosion of knowledge in the biological sciences have led to an explosion of medical and health care knowledge about health and disease moving medicine from an art to a science (e.g. the introduction of guidelines and evidence based practice) [13] . In parallel, improvements in the speed and processing power of computers and the advent of the Internet has led to increased accessibility and availability of information that can be used by health professionals, administrators and health informaticians in decision-making in routine and non-routine health care contexts [12] . Such changes have led to a need for health informaticians with interdisciplinary skills who possess a global understanding of problems and the ability to understand local problems as well as global problems as health information systems become more complex and interrelated. With changes occurring in the world of health informatics, work on renewing and refining the undergraduate curriculum at the School of Health Information Science began in 2004, with an advisory group struck consisting of health informatics experts, practitioners as well as students and alumni of the School. It was felt that the initial focus of the program on providing interdisciplinary and practical training in a wide range of areas was particularly timely and well suited to the developments taking place in health informatics. In particular, from previous experience, the graduates of the School have been valued in industry for their global approach to problem solving and their interdisciplinary educational background. With the ever increasing rapid changes occurring in the health informatics, the background provided by the programs offered at the School has allowed students to adapt well and assume various leadership roles in health informatics. As a consequence the refined curriculum has retained the essential interdisciplinary nature of the original curriculum, while updating and reviewing the focus of the program.
Based on analysis of current trends and the input from faculty, students and the advisory committee, the updated curriculum has focused on the development of several key attributes of health informatics professionals who are graduates of the undergraduate program (advances within our graduate programs will be described in a subsequent section of this paper). A focus was on ensuring that graduates of the program possess specific and highly sought after technical skills, while at the same time having a global "holistic" perspective to health information science. The attributes include the following:
(1) Graduates must follow strong ethical principles and have an understanding of both the positive and negative impacts of health informatics on society. In addition they must be able to apply professional code of conduct espoused by the International Medical Informatics Association. (2) Graduates must have a broad health care industry and real-world perspective on key aspects of health care system design and evaluation. This should span understanding success and failure of systems at multiple levels, from the end user of systems to the broader organizational and societal levels. (3) Graduates must possess strong analytical and critical thinking skills, particularly in areas related to understanding selection, deployment and application of research methods in improving the usefulness, usability and appropriate uptake of health informatics innovations. (4) Graduates must have an integrative perspective to information technology grounded in sound methodological skills focused on continuous quality improvement, ability to design algorithms and to understand advances in system program engineering, design and evaluation methods. (5) Graduates must possess skills that will allow them to develop innovative approaches to understanding, modeling and re-engineering organizational processes and data and implementing process and technical solutions. In addition, graduates must be used to and capable of continually learning and staying abreast of ever changing trends, technologies and advances emerging from research and development (e.g. consumer empowerment, medical technologies, genomics, bio-informatics etc.)
Courses within the curriculum that were specifically designed to lead to the desired educational outcomes listed above are presented in Figure 1 , which details the prescribed four year undergraduate program at the School of Health Information Science (leading to the Bachelor degree in Health Information Science). It should be noted that within the four years of study, 3 fourmonth work terms alternate between course work and co-op work terms (see Figure 1 ), described in greater detail in the next section. The School of Health Information Science is in contrast to many international programs (and in particular North American health information science programs) which typically focus either on undergraduate or graduate training and education [6] . Indeed the School of Health Information Science has been one of the leading institutions that has provided both undergraduate and graduate programs, rather than focusing on either undergraduate or graduate education alone. It is felt that there is a need to provide a range of graduates who will be able to address societal needs and requirements for health information systems, as outlined by organizations such as AMIA, from systems analysts and designers to researchers and educators [1] .
Experiential Learning in Health Informatics Education and the Role of Research in the Health Informatics Curriculum
An emphasis of the health informatics program at the University of Victoria has been its focus on experiential learning. Students are required to take part in three four-month work terms staggered throughout the undergraduate degree program . The intent of the work terms is to complement the learning taking place in class rooms with practical experience in the field. Our undergraduate students have held a variety of exciting and increasingly responsible co-op work term positions in a wide range of settings ranging from hospital informatics departments to private healthcare software companies, government agencies and health ministries, both provincially and federally. At the same time as emphasizing strong connections with the healthcare industry, through the co-op program, the School has also placed a strong and increasing emphasis on graduate and postgraduate education and research. Both are seen as complementary in order to ensure a School perspective that is relevant to industry but that at the same time takes into account the most recent advances in health informatics research [8] . Indeed a recent development within the School is the introduction of optional co-op terms for graduate students who wish to gain experience in real-world settings to complement their graduate training, gained through up to two coop work terms to be completed during either Masters or Doctoral studies.
In addition, linkage between research and both undergraduate and graduate training is accomplished through teaching by faculty whose industry and research experience is significant. The School's faculty have worked in various industry roles ranging from clinical positions, project management, information officer and industry to government consulting. Teaching includes integration of case studies from real life situations, group projects with local health care organizations, and the introduction of students to real world work contexts and issues through invited presentations from a range of health informatics practitioners, managers and government officials to complement traditional classroom training. More recently, there has been a demand for further training of practicing information technology and health professionals in health informatics in Canada. In response the University of Victoria has developed an on-line graduate program in health informatics targeted towards practicing professionals, described in the next section. In summer of 2004 the School obtained approval from the Board of Governors to introduce a distributed on-line MSc stream drawing on the learning modules, collaboration and experiences from the OLT initiative. The current distributed MSc stream is a part-time program aimed at working professionals with one or more years of health or IT experience. Students enrolled in this program are required to complete 10 courses and a major project over two years. In addition to the regular University of Victoria courses and faculty mentors, the program includes six online courses and eight senior faculty from UofC, UofA, UBC and SFU (Simon Fraser University). Most courses are offered online through a combination of synchronous and asynchronous modes, except for two capstone courses offered each summer as 2-week intensive faceto-face workshops held at the University of Victoria followed by 2-week online interactions. An example of the distributed MSc program schedule and course offering is shown in Figure 2 .
Towards a Distributed Model of Health Informatics Education
The distributed stream began in January 2005 and presently has a cohort of 23 students with varying backgrounds including physicians, nurses, pharmacists and IT professionals working mostly in the health sector. Several students have funding support and/or protected time from their employers to enroll in the program. In June 2005 we completed the first ever 2-week intensive workshop at the University of Victoria in health information management and information systems design. Feedback from the students have been extremely positive not only of the quality of the course content but also the opportunity to network with faculty and peers as a learning community. Students are now starting to plan their research project as part of the degree requirement, which has to be work related and should benefit the organization in tangible ways. Examples of such projects are privacy issues in genomics laboratory information systems, usability study of emergency triage and guidelines sy-stems, and e-health strategy for First Nations communities. A supervisory committee consisting of two faculty mentors and an employer representative is organized for each student to ensure the rigor and relevance of the research, and the timely completion of the projec t.
A Collaborative Advanced HI Research Training Program
In (3) build a virtual community that is actively engaged in health informatics research, education and practice; (4) assume a leadership/ facilitation role as a credible academic health informatics community in Canada. The program has 1 intake of trainees once every two years each 20 months in duration [5] .
The current intake has three online Research Learning Experience (RLE) modules comprised of regular virtual classes, annual on-campus workshops and face-to-face meetings at health informatics related conferences. The trainees are grouped into three minicohorts each focused on one thematic area to encourage collaboration and teamwork across the eight universities. The current three themes are primary care informatics, e-health policy and evaluation, and knowledge management. Working with faculty researchers as mentors and practitioners as collaborators, the trainees are required to produce tangible outputs that include peer-reviewed publications, conference papers, research proposals, business cases and system prototypes. An example of the 2005-06 intake for the 20month program is shown in Figure 3 . 
Conclusions
The School of Health Information Science at the University has provided an integrated approach to health information science training for over twenty years. The approach taken has been based on concept that health informaticians need to possess specialized skills in areas related to information technology, organizational science and health studies [15] . In addition, it is the philosophy of the School that students must develop strong integrative and "holistic" capabilities and skills in order to successfully keep up with and provide leadership in the ever changing field of health informatics. Towards this end, the School has recently reviewed and updated its undergraduate educational programs and has worked towards developing and expanding its graduate training through new programs and initiatives, including the Distributed on-line Masters program in Health Fig. 3 The 2005-06 intake showing the timeline for the three RLE's Information Science (the first of its kind in Canada) and a leadership role in the pan-Canadian advanced Health Informatics Research Training Program. Current planning at the School will includes further and continued work in integrating graduate level and research activities within the School with theoretical and applied activities and undergraduate training in order to address the growing need for health informatics professionals who will possess the skills needed to successfully carry out the emerging health informatics initiatives, both within Canada and internationally. It is also hoped the experiences and models developed at the School of Health Information could help serve other institutions in development of models for integrative health informatics educational and training programs.
